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Abstract: High-power operation of fiber-based ASE sources is reported.  Using single-
stage and two-stage cladding-pumped ytterbium-doped fiber configurations we obtained 
62W and 122W of broadband ASE output respectively.  The prospects for further 
improvement in performance are considered.  
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1. Introduction 
 
High power and high brightness broadband superfluorescent sources have many applications, including rotation 
sensing, spectroscopy, and medical imaging. One attractive way to generate broadband output is via the process of 
amplified spontaneous emission (ASE) in a rare-earth doped fiber.  Over the last few years there has been very rapid 
progress in scaling the output power from cladding-pumped fiber lasers and amplifiers, but the problem of scaling 
the output power from fiber-based ASE sources appears to have received much less attention. Recently, we reported 
a simple approach for scaling the output power from a broadband fiber superfluorescent source by using a cladding-
pumped fiber configuration in combination with a very low feedback end termination geometry to suppress parasitic 
lasing.  This approach was successfully applied to a double-clad ytterbium-doped fiber pumped by a diode-stack at 
976nm [2].  The fiber had a double-ended output and produced a combined ASE power (i.e. from both ends of the 
fiber) of 110 W with slope efficiency with respect to launched pump power up to 68%.   However, double-ended 
operation is not very desirable since one of the output beams is generally discarded and hence the overall efficiency 
is rather poor. 
Here, we report on power scaling strategies for single-ended fiber superfluorescent sources.  We have 
investigated two different approaches based on a novel cladding-pumped single-gain-stage configuration, and a 
cladding-pumped fiber seed source and fiber amplifier configuration.  In the former, we obtained a predominately 
single-ended output power ~ 62 W (limited by the onset of parasitic lasing), with a bandwidth (FWHM) of 12 nm.  
For the latter approach we obtained a maximum output power of 122 W (limited by pump power), with slope 
efficiency with respect to launched pump power up to 77%.    
 
2. Single-stage Yb-doped fiber ASE source 
 
The experimental set-up for the single-stage cladding-pumped Yb-doped fiber ASE source is shown in Fig. 1.  A 
relatively standard Yb-doped double-clad D-shaped fiber was employed.  The fiber core diameter, core numerical 
aperture, and inner-cladding diameter were 28µm, 0.1, and 380µm respectively.  The core was slightly offset from 
the fiber’s central longitudinal axis by ~20µm by virtue of the D-shaped cross-section of the fiber.   To achieve 
predominantly single-ended operation, the fiber was prepared with a perpendicularly-cleaved end facet at the pump 
input end of the fiber and, at the opposite end of the fiber, an ultra-low feedback end termination was employed.  
The latter was formed by heating and twisting the fiber so that the core has a helical trajectory.  The fiber was then 
perpendicularly-cleaved in the twisted region so that the core path is at an angle with respect to the facet normal. 
The length of the twisted section was slightly less than 1 mm and the core angle with respect to the fiber’s 
longitudinal axis was selected to be ~5º to provide effective suppression of optical feedback from the end-facet.  
The fiber was end-pumped through the perpendicularly cleaved end-facet by a high power diode-stack source at 
976nm.  The pump absorption efficiency for the 6m length of fiber was 90%. Two dichroic mirrors were used to 
extract the co-propagating ASE and counter-propagating ASE outputs from the two ends of the fiber.  Figure 2 
shows the counter-propagating and co-propagating ASE power as a function of launched pump power.  The 
maximum powers for the counter- and co-propagating beams were 2.1 W and 61.4 W respectively.  Most of the 
ASE output exits the fiber from the twisted-end-facet, due to it’s much lower feedback reflectivity. The output 
power ratio for the two fiber ends was ~ 30.  For pump powers in excess of 40 W, the slope efficiency for the co-
propagating ASE output with respect to launched pump power was  >67%.  However, further increase in pump 
power (beyond 140 W incident) resulted in the onset of lasing as confirmed by the presence of sharp peaks in the 
emission spectrum.  The ASE spectrum (see inset of fig.2) spans the range ~1030 nm to 1100 nm with a 3dB 
bandwidth of ~12 nm (i.e. from 1036 nm to 1048 nm) and with a central wavelength of 1043 nm.  At the highest 
output power, the beam propagation factor (M2) was measured to be ~5.6.   
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3.  Two-stage fiber ASE source 
 
We have also investigated an alternative scheme for generating high ASE power based on a two-stage fiber 
configuration comprising a seed source and a power amplifier.  The seed-stage comprised a 7-m-long Yb-doped 
double-clad fiber fabricated in-house with a 20-µm-diameter, 0.06 NA core, and an inner-cladding of diameter of 
400-µm.  The fiber was prepared with a perpendicularly-cleaved end-facet at the pump in-coupling end of the fiber 
and with an angle-polished end-facet with an angle ~ 10˚ at the opposite end of the fiber.  Pump light was provided 
by a 15W fiber-coupled diode-bar at 915nm.  The ASE output from the angle-polished fiber end was collimated with 
an 8 mm aspheric lens and then passed through two free-space isolators (which provide ~60dB of isolation).  
Approximately 840 mW of the ASE power was available after the two isolators.   
The fiber power amplifier stage employed the same diode-stack pump source and the same Yb-doped D-shaped 
double-clad fiber as were used in the single-stage superfluorescent source described earlier, except that the fiber was 
prepared so that both ends had angle-polished facets at ~ 10˚.  The fiber was end-pumped through one end-facet and 
the ASE light from the seed source was coupled into the core at the opposite end of the fiber. The coupling 
efficiency for the ASE seed beam was measured to be ~74% and hence ~ 600 mW of seed power was launched into 
the core.  A dichroic mirror with high transmission (>95%) at the pump wavelength and high reflectivity (>99.5%) 
over wavelength range (1020-1200 nm) was used to extract ASE output from the pump in-coupling end of the fiber.    
A maximum output power of 122 W was achieved for a launched pump power of 194 W, corresponding to a single-
pass gain of approximately 23 dB.  The output power was limited by the available pump power, and there was no 
evidence of parasitic lasing.  At pump powers in excess of 40W, the slope efficiency for the amplifier with respect to 
launched pump power was ~77%.  The M2 parameter of the output beam was measured to be 2.1.  
 The typical seed spectrum spans the wavelength range from 1025 nm to 1090 nm and is relatively smooth.  In 
contrast, the output spectrum from the amplifier has a very pronounced periodic wavelength dependence with a 
period of ~ 1.2 nm.  Moreover, the overall spectral width spans the wavelength range, 1035 nm to 1085 nm, and 
hence is a little narrower than the seed spectrum. The periodic variation in power with wavelength is thought to be 
due to interference between the fundamental mode and higher order modes (i.e. modal interference), and hence a 
consequence of the multi-mode nature of the core. 
In summary, we have demonstrated two different schemes for efficiently generating high-power broadband 
ASE output from a cladding-pumped Yb-doped fiber.  In the first scheme, a simple single-stage configuration for 
single-ended operation was employed using a novel ultra-low feedback twisted-end termination to suppress parasitic 
lasing.  This source yielded 61.7 W of amplified spontaneous emission output for 119 W of launched pump power, 
limited by the onset of parasitic lasing.  Scaling to even higher ASE powers was achieved using a two-stage (seed 
source and power amplifier) configuration.  This source produced 122 W of ASE output, limited by the available 
pump power, in a beam with M2 = 2.1. The slope efficiency with respect to the launched pump power (~77%) was 
comparable to that routinely achieved in conventional cladding-pumped ytterbium-doped fiber lasers.  To the best of 
our knowledge, this is by far the highest power achieved from an ASE source to date, and should open up the 
prospect of many new applications for high power ASE sources. 
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Figure 1. Experimental set-up for single-ended operation of a single-stage fiber 
ASE. (DM: dichroic mirror). Figure 2. Output power versus launched pump power for 
single-stage fiber superfluorescent source with a twisted 
end termination. (Inset:  Wavelength spectrum for co-
propagating beam).   
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